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REFLECTIVE SCREEN 



TECHNICAL FIELD 



The present: invention relates to a reflective screen that 
uses an aluminum foil. 



A reflective screen has been proposed in the past in which 
a surface diffusion layer is layered on a rolled aluminum- foil 
reflecting layer via a transparent adhesive layer. This 
reflective screen is recognized for its improved optical 
characteristics (resolution) brought about by having minute 
irregularities (known as hairlines, which naturally form during 
rolling) on the aluminum foil surface. 



Problems the Invention Is Intended to Solve 

However, when there are too many of these minute 
hairlines, speckling (glare) can be seen that forms due to 
interference in the light projected onto the surface of the 
aluminum foil. This type of speckling sometimes causes 
discomfort, since the speckling is conspicuous when the screen 
is viewed in a dimly lit room, or when a white image is 
projected. 

Speckling does not occur when the minute hairlines have an 
irregularity depth of 200 jim or greater, but the speckling is 
theoretically more visible when the irregularity depth is 
200 jim or less. Actually, the irregularity depth of the 
hairlines formed during rolling of the aluminum foil is most 
often 100 jjm or less. 



BACKGROUND ART 



DISCLOSURE OF THE INVENTION 



Therefore, one possible method of preventing the 
occurrence of speckling is to make the irregularity depth 
200 jim or greater on the aluminum foil surface during 
manufacturing of the aluminum foil, for example. However, since 
it is difficult to manage the manufacturing process so that an 
irregularity depth of 200 fim or greater is obtained in the 
aluminum foil surface, speckling is difficult to prevent. 

An object of the present invention is to provide a 
reflective screen that uses an aluminum-foil reflecting layer, 
wherein speckling can be easily suppressed in the reflective 
screen. 

Means for Solving the Above-mentioned Problems 

The essence of the present invention will be described 
with reference to the accompanying drawings. 

The present invention relates to a reflective screen 
comprising a surface diffusion layer 1, a transparent adhesive- 
layer 2, and an aluminum-foil reflecting layer 5 layered 
together, wherein the reflective screen is characterized in 
that a diffusing material is added to the transparent adhesive 
layer 2; and a transparent layer 3 having a prescribed 
thickness is provided between the transparent adhesive layer 2 
and the aluminum-foil reflecting layer 5. 

The present invention also relates to the reflective 
screen according to claim 1, wherein the reflective screen is 
characterized in that the diffusing material is added in an 
amount that gives the transparent adhesive layer 2 a haze of 50 
to 70. 
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The present invention also relates to the reflective 
screen according to any one of claims 1 and 2, wherein the 
reflective screen is characterized in that the thickness of the 
transparent layer 3 is 1 nun or greater. 

The present invention also relates to the reflective 
screen according to any one of claims 1 and 2, wherein the 
reflective screen is characterized in that the thickness of the 
transparent layer 3 is 1 mm to 3 mm. 

The present invention also relates to the reflective 
screen according to any one of claims 1 through 4, wherein the 
reflective screen is characterized in that a polarizing plate 4 
is provided between the transparent layer 3 and the aluminum- 
foil reflecting layer 5 . 

The present invention also relates to the reflective 
screen according to claim 5, wherein the reflective screen is 
characterized in that a transparent adhesive layer 2 1 ' to which 
a diffusing material has not been added is layered on the 
aluminum-foil reflecting layer 5; a polarizing plate 4 is 
layered on the transparent adhesive layer 2 1 /. to which a 
diffusing material has not been added; a transparent adhesive 
layer 2 1 to which a diffusing material has not been added is 
layered on this polarizing plate 4; a transparent layer 3 is 
layered on the transparent adhesive layer 2 1 to which a 
diffusing material has not been added; a transparent adhesive 
layer 2 to which a diffusing material has been added is layered 
on this transparent layer 3; and a surface diffusion layer 1 is 
layered on the transparent adhesive layer 2 to which a 
diffusing material has been added. 



The present invention also relates to the reflective 
screen according to claim 6, wherein the reflective screen is 
characterized in that each of the layers that include the 
surface diffusion layer 1, the transparent adhesive layers 2' 
and 2'' to which a diffusing material has not been added, the 
transparent layer 3, the polarizing plate 4, and the 
transparent adhesive layer 2 to which a diffusing material has 
been added has a refractive index of 1.45 to 1.55. 

Effect of the Invention 

Since a diffusing material is added to the transparent 
adhesive layer in the present invention, speckling is dispersed 
and averaged. A transparent layer having a prescribed thickness 
is also provided between the transparent adhesive layer and the 
aluminum-foil reflecting layer. Therefore, the speckling that 
occurs on the aluminum foil surface reaches the surface 
diffusion layer in a state of decreased resolution (blurred 
state), and speckling is suppressed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing the layering state in the 
present example. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Suitable embodiments of the present invention will be 
briefly described based on the drawings by way of the operation 
of the present invention. 

In the present invention, the transparent adhesive layer 2 
becomes clouded since a diffusing material is added to the 
transparent adhesive layer 2. For example, speckling that 
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occurs as a result of interference in the projected light is 
dispersed and averaged. 

Furthermore, since a transparent layer 3 having a 
prescribed thickness is provided between the transparent 
adhesive layer 2 and the aluminum-foil reflecting layer 5, the 
aluminum-foil surface layer 5 is separated from the surface 
diffusion layer 1 by a distance equal to the thickness of the 
transparent layer 3, and speckling that occurs on the aluminum 
foil surface reaches the surface diffusion layer 1 slightly out 
of focus in a state of decreased resolution (blurred state) . 

In the present invention, there is therefore a 
commensurate reduction in the visibility of speckling, and a 
reflective screen is obtained in which speckling can easily be 
suppressed. 

Examples 

Specific examples of the present invention will* be 
described based on the drawings. 

The present example is a reflective screen in which a 
transparent adhesive layer 2'' to which a diffusing material 
has not been added is layered on the aluminum-foil reflecting 
layer 5; a polarizing plate 4 is layered on the transparent 
adhesive layer 2 ■ ■ to which a diffusing material has not been 
added; a transparent adhesive layer 2' to which a diffusing 
material has not been added is layered on this polarizing 
plate 4; a transparent layer 3 is layered on the transparent 
adhesive layer 2 ' to which a diffusing material has not been 
added; a transparent adhesive layer 2 to which a diffusing 
material has been added is layered on this transparent layer 3; 
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and a surface diffusion layer 1 is layered on the transparent 
adhesive layer 2 to which a diffusing material has been added. 

A resin film is used as the surface diffusion layer 1. 
Resin films that can be used include TAC (triacetyl cellulose), 
polypropylene , vinyl chloride, acrylic resin , polycarbonate , 
and the like. The surface of the resin film is given an anti- 
glare treatment by embossing , coating , or another process, and 
the surface is hardened and provided with anti-glare effects. 
TAC is used in the present example. 

A pressure-sensitive acrylic-based adhesive is used for 
the transparent adhesive layers 2 ■ and 2 • • to which a diffusing 
material has not been added. Adhesives that can be used include 
highly transparent acrylic-based adhesives, or urethane-based 
adhesives, polyester-based adhesives, and the like. The total 
thickness of the transparent adhesive layers 2' and 2'' to 
which a diffusing material has not been added is preferably 
about 30 fim. 

The diffusing material used in the transparent adhesive 
layer 2 to which a diffusing material has been added is a 
silicone, styrene, acrylic, or other transparent material that 
is a transparent spherical or amorphous filler. Spherical 
silicone beads having an average grain size of 5 }im are used in 
the present example, and the amount in which the beads are 
added is adjusted so that the haze of the transparent adhesive 
layer 2 to which the diffusing material is added is 50 to 70. 

It was confirmed by experimentation that a haze of 50 or 
less in the transparent adhesive layer 2 is not preferred 
because the dispersion and averaging of the speckling that 
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occurs on the aluminum foil surface are inadequate. It was also 
confirmed by experimentation that a haze of 70 or higher is not 
preferred because the optical characteristics are adversely 
affected (a dark image occurs), and striping and other defects 
occur in the appearance of the transparent adhesive layer 2 
from adding too much of the diffusing material. 

A synthetic resin plate is used as the transparent 
layer 3. This synthetic resin plate may be a transparent plate 
formed from acrylic resin having transparency equal to or 
greater than that of optical glass. 

The speckling that occurs on the aluminum foil surface is 
blurred according to the thickness of the transparent layer 3 . 
Providing the transparent layer 3 with a thickness of 1 mm or 
less is not preferred because there is no blurring effect , and 
the speckling cannot be suppressed. A thickness of 3 mm or 
greater is also not preferred because the blurring effect 
becomes too pronounced, and resolution is reduced. 
Specifically, the transparent layer 3 preferably has a 
thickness ranging from 1 mm to 3 mm, and when the transparent 
layer 3 has a thickness of 1 mm to 3 mm, speckling-prevention 
effects can be demonstrated with no reduction in resolution. 

An iodine-based polarizing plate or a dye-based polarizing 
plate is used as the polarizing plate 4. Specifically, a 
polarizing plate is used that has a degree of polarization of 
90% or higher. The thickness of the polarizing plate is about 
120 /jm. An iodine-based polarizing plate having a thickness of 
120 fim and a degree of polarization of 95% is used in the 
present example. 



An aluminum foil obtained by rolling an ingot or slab to a 
thickness of 0.15 mm or less in a rolling mill is used as the 
aluminum-foil reflecting layer 5. Specifically, a flexible 
aluminum foil rolled to a thickness of 0.007 mm or less is 
used. 

In the present example , a match is established among the 
refractive indices of the surface diffusion layer 1, the 
transparent adhesive layers 2' and 2'' that do not include the 
diffusing material, the transparent layer 3, the polarizing 
plate 4, and the transparent adhesive layer 2 that includes the 
diffusing material. Specifically, by adjusting the refractive 
index of each layer to 1.45 to 1.55, the layers are made less 
prone to cause surface reflection, and speckling between layers 
is minimized. 

A configuration is adopted in the present example whereby 
a transparent adhesive layer 2 ■ ■ to which a diffusing material 
has not been added is layered on the aluminum-foil reflecting 
layer 5, a polarizing plate 4 is layered on the transparent 
adhesive layer 2 ' 1 to which a diffusing material has not been 
added, a transparent adhesive layer 2 ' to which a diffusing 
material has not been added is layered on this polarizing 
plate 4, a transparent layer 3 is layered on the transparent 
adhesive layer 2 ■ to which a diffusing material has not been 
added, a transparent adhesive layer 2 to which a diffusing 
material has been added is layered on this transparent layer 3, 
and a surface diffusion layer 1 is layered on the transparent 
adhesive layer 2 to which a diffusing material has been added, 
as previously mentioned. However, a configuration may also be 
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employed in which the transparent layer 3 and the polarizing 
plate 4 are switched; specifically, a configuration may be 
adopted in which a transparent adhesive layer 2 ■ 9 to which a 
diffusing material has not been added is layered on the 
aluminum- foil reflecting layer 5, a transparent layer 3 is 
layered on the transparent adhesive layer 2 ■ ' to which a 
diffusing material has not been added, a transparent adhesive 
layer 2 ■ to which a diffusing material has not been added is 
layered on this transparent layer 3, a polarizing plate 4 is 
layered on the transparent adhesive layer 2 " to which a 
diffusing material has not been added, a transparent adhesive 
layer 2 to which a diffusing material has been added is layered 
on this polarizing plate 4, and a surface diffusion layer 1 is 
layered on the transparent adhesive layer 2 to which a 
diffusing material has been added. 

A comparative example (conventional example) will be given 
below to describe the characteristics of the present example. 

(1) Experiment 1 and Comparative Experiment 1 are examples 
of experiments in which the effects of the diffusing material- 
including layer and the transparent layer are confirmed. 

<Experiment 1 (with diffusing material-including layer and 
transparent layer ) > 

A screen was obtained by sequentially layering the 
aluminum-foil reflecting layer 5 with the transparent adhesive 
layer 2 1 ' that does not include the diffusing material, the 
polarizing plate 4, the transparent adhesive layer 2' that does 
not include the diffusing material, the transparent layer 3, 
the transparent adhesive layer 2 (adjusted to a haze of 50 to 



70) that includes the diffusing material, and the surface 
diffusion layer 1. 

The screen thus obtained was photographed, producing all- 
white image light in a dark location, and speckling was 
visually evaluated (noticeable, somewhat noticeable, not 
noticeable) . The results showed that speckling was not 
noticeable, and that the screen thus obtained exhibited 
speckling-suppressing effects . 

<Comparative Experiment 1 (without diffusing material- 
including layer and transparent layer )> 

A screen was obtained by sequentially layering the 
aluminum-foil reflecting layer 5 with the transparent adhesive 
layer 2'' that does not include the diffusing material, the 
polarizing plate 4, the transparent adhesive layer 2* that does 
not include the diffusing material, and the surface diffusion 
layer 1 . 

The screen thus obtained had noticeable speckling, and did 
not have speckling-suppressing effects like those evident in 
Experiment 1 . 

It was confirmed from the above results that speckling is 
noticeable in a screen that does not have the transparent 
layer 3 and the transparent adhesive layer 2 that includes the 
diffusing material, whereas speckling is not noticeable in a 
screen that has the transparent layer 3 and the transparent 
adhesive layer 2 that includes the diffusing material; that 
speckling can be prevented in the screen by the transparent 
layer 3 and the transparent adhesive layer 2 that includes the 
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diffusing material; and that appropriate viewing angle 
characteristics can also be demonstrated. 

(2) Experiment 2 and Comparative Experiment 2 are examples 
of experiments in which the effects of the thickness of the 
transparent layer are confirmed. 

<Experiment 2 (transparent layer thickness of 1 mm)> 

A screen was obtained by sequentially layering the 
aluminum-foil reflecting layer 5 with the transparent adhesive 
layer 2'' that does not include the diffusing material, the 
polarizing plate 4, the transparent adhesive layer 2* that does 
not include the diffusing material, the transparent layer 3 
(thickness of 1 mm), the transparent adhesive layer 2 (adjusted 
to a haze of 50 to 70) that includes the diffusing material, 
and the surface diffusion layer 1. 

The screen thus obtained was photographed, producing all- 
white image light in a dark location, and speckling^ was 
visually evaluated (noticeable, somewhat noticeable, not 
noticeable) . The results showed that speckling was not 
noticeable, and that speckling was suppressed in the screen 
thus obtained. 

<Comparative Experiment 2 (transparent layer thickness of 
0.3 mm)> 

A screen was obtained by sequentially layering the 
aluminum- foil reflecting layer 5 with the transparent adhesive 
layer 2' 1 that does not include the diffusing material, the 
polarizing plate 4, the transparent adhesive layer 2' that does 
not include the diffusing material, the transparent layer 3 
(thickness of 0.3 mm), the transparent adhesive layer 2 



(adjusted to a haze of 50 to 70) that includes the diffusing 
material, and the surface diffusion layer 1. 

Speckling was somewhat noticeable in the resultant screen, 
and speckling-suppressing effects like those shown in 
Experiment 2 were not evident. 

It was confirmed from the above results that speckling is 
somewhat noticeable in a screen in which the thickness of the 
transparent layer 3 is 0.3 mm, whereas speckling is not 
noticeable in a screen in which the thickness of the 
transparent layer 3 is 1 mm; that speckling can be prevented in 
the screen when the transparent layer 3 has a certain 
thickness; and that appropriate viewing angle characteristics 
can also be demonstrated. 

[Key to Symbols] 

1 surface diffusion layer 

2 transparent adhesive layer to which diffusing 
material has been added 

2 1 transparent adhesive layer to which diffusing 
material has not been added 

2 ' 1 transparent adhesive layer to which diffusing 
material has not been added 

3 transparent layer 

4 polarizing plate 

5 aluminum-foil reflecting layer 
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